The Globally Harmonized System of Classification and Labelling of Chemicals (GHS) is a system for classifying and labelling chemicals according to their intrinsic hazardous properties. The GHS is one of the cornerstones of sound chemicals management, an issue consistently on the international sustainable development agenda since 1992. In 2002, it was agreed under the United Nations that all countries should be encouraged to implement the GHS by 2008. However, to date, it is unclear where, how, and to what extent the GHS has been implemented and what factors best explain any differences in implementation coverage. The aim of this paper is to provide a global overview of current GHS implementation status in national legislation using primary and secondary data, and explain differences between countries based on theory on motivational and capacity-related factors for implementation of international standards. We conclude that there seems to be broad support from countries for enhanced international collaboration in the field of sound chemicals management. However, several drivers and barriers for national GHS implementation co-exist, and there is a clear positive correlation between the financial and regulatory capacities of a country and its GHS implementation status. At the same time, our data suggest that it is possible to increase the global implementation coverage by using a combination of motivational and capacity related strategies.
Introduction
Efforts to manage risks originating from the use and emissions of hazardous chemicals have led to the incremental development of an international chemicals regime containing both hard and soft law [1, 2] . The hard law components such as international treaties are often targeting specific substances or groups of substances, or certain specific activities such as transboundary movements of hazardous waste. It is, however, only a very limited number of chemicals that are regulated through an international treaty, compared to the more than one hundred thousand substances currently on the market [3] . Some regime components of more soft law character are broader in nature and aim at supporting overall preventive chemicals management. These components include the Globally Harmonized System of Classification and Labelling of Chemicals (GHS), which is a system for classifying and labelling chemicals according to the nature and severity of hazard, and specifying how information about hazards should be communicated to users in the form of hazard pictograms, hazard statements and Safety Data Sheets [4] . The GHS can be considered a cornerstone of sound chemicals international standards. Finally, we identify strategies for closing the gap among developed and developing countries in pursuing sound chemicals management.
The paper proceeds with a section on theory and methods, where first the approach to mapping of GHS implementation status is presented. Thereafter, factors for explaining implementation status are derived from theories on international standards. These factors are then operationalized into indicators. In the subsequent sections, the results of the global implementation overview are presented and the relationships between implementation status and various explanatory factors are analysed. In the concluding section, we summarise the key results on explanatory factors and discuss possible strategies to strengthen global implementation of the GHS.
Theory and Methods

GHS Implementation Status
Turning to our dependent variable, the GHS covers four sectors: the transport, workplace (industrial), consumer and agricultural sectors. Since the transport sector has its own international system (UN Recommendations on the transport of dangerous goods: model regulations) [19] , it is not included in this study. The GHS uses a modular, building-block approach to enable custom-made solutions for GHS implementation for individual countries. There is thus scope for flexible implementation, which causes an inherent tension between harmonization and differentiation. Some countries have chosen to implement GHS as a non-binding, voluntary standard for companies, and others as a legally binding requirement [20, 21] . The GHS is regularly updated under the GHS sub-committee [9] and so far seven revisions have been published: GHS Rev. 1 (2005) , GHS Rev. 2 (2007) , GHS Rev.3 (2009) , GHS Rev.4 (2011), GHS Rev. 5 (2013) , GHS Rev. 6 (2015) and GHS Rev. 7 (2017) . Some countries have implemented a specific version of the GHS and lack mechanisms for updates [20, 21] .
We propose here that the implementation process of GHS encompasses three stages: (1) formal adoption by states; (2) incorporation into national legislation; and (3) facilitation and enforcement of uptake and use of GHS among companies and any other relevant actors (for further detail on the concept of implementation, please see for instance Victor et al. [22] and Weiss and Jacobson [23] ). Knowing that the introduction of the GHS has already been formally agreed by UN member states in Johannesburg, we focus in this paper on the second stage, and refer to this as implementation. The third stage of enforcement and compliance within states is beyond the scope of this study but merits further research.
Since the GHS can be legislated at the national level in different ways, there is no single answer to the question of when a country can be said to be implementing the GHS and when not, see for instance [20] . For the purpose of this study, the following classification categories are used:
• Full legal implementation (code 2): legislation passed as of 1 April 2017, irrespective of on which GHS revision the legislation is based, covering the workplace, agriculture and consumer sectors; GHS is thus categorized here as fully implemented when a country has passed legislation to use GHS in all sectors. To further clarify the criteria:
• Only binding legislation qualifies for "full" or "partial" legal implementation, whereas implementing GHS as a voluntary standard at the national level is classified as "not yet implemented"; • If a country has passed legislation to implement GHS in all three sectors, the country is coded as fully implementing GHS, even if the legislation has not yet entered into force. Most countries who implement GHS do so in a stepwise manner and the majority of the GHS-implementing countries have introduced phase-in periods in the regulation with additional upcoming deadlines, e.g., for substances and mixtures; • Even if GHS implementation is fully legally implemented in one sector, it does not qualify as "full legal implementation" if there are no legal requirements for the remaining two sectors;
•
The scoring of countries' implementation status is irrespective of which revision of GHS that has been introduced.
That only implementation through legislation is coded as implementation could be contested on several grounds, for example that different countries have different regulatory culture or that the GHS itself is not legally binding in nature. However, we propose here that legislative backing is necessary for effective enforcement and compliance with the GHS. For instance, without legal mandate it is not possible for authorities to carry out inspections at workplaces or for customs authorities to ensure compliance of labelling regulations at the border controls.
It should also be noted that in many countries there are ongoing legislative processes and that the global GHS implementation status is constantly developing. This study shows the snap shot picture of implementation as of 1 April 2017.
Method for Data Collection and Analysis
Our dataset on GHS implementation status is available in Table S1 and draws on both primary and secondary sources. As a secondary source, the progress reports compiled by the secretariat of the GHS Sub-committee [4] were used for a first overview of the global implementation status. Since there is no official reporting requirement connected to the GHS, the information available on the website of the GHS Sub-committee secretariat relies on self-reporting by countries on a voluntary basis or on information otherwise made available to the secretariat. There is no fixed format and the type of information available varies between countries. The listing is thus not offering a complete picture of the implementation and currently includes varying levels of information for 72 countries (by 1 April 2017), out of the 179 countries having committed to the SAICM process by appointing a national SAICM focal point (by March 2017) [24] . Other secondary sources were an overview of GHS implementation published by the European Chemical Industry Council [25] and the resources publicly shared by the company DHI [26] . Countries have also reported on GHS implementation as part of the reporting under SAICM. However, the baseline report covering the period from the start of SAICM in 2006 to 2008 notes that the information submitted by governments on SAICM indicator 6 (providing information according to internationally harmonized standards) is not sufficiently precise nor comprehensive to assess GHS implementation status specifically. The report notes that 33 percent of reporting governments state that they are using a harmonized standard, but that this may also be something else than GHS, such as the FAO guidelines on pesticides, and that there is no detail in the country reports on the stage of implementation [27] . Therefore, this reporting was not used to assess GHS implementation of individual countries.
The secondary sources were complemented with our own web-based searches for country or regional specific information, with a focus on countries that did not have information displayed on the GHS Sub-Committee website. This was done by combining the country name with GHS in a general internet search engine to find any GHS-related material for a specific country, as well as searches of websites of Ministries of Environment and other Ministries of specific countries. For the Latin American region, the Spanish name and acronym for the GHS was used (SGA) which resulted in additional information. A limitation of the study is that searches in additional languages were not conducted. However, for countries that have taken part in international collaboration on chemicals management, there will often be a report or a note in English that appears in the internet search, if GHS implementation has indeed taken place.
A set of short interviews (see Table S2 ) were also carried out with the primary aim to collect additional data regarding the GHS implementation status of specific countries. As a secondary aim, interviews also gathered views on perceived barriers and opportunities for implementation. The later was used to inform the discussion section. The interviews were carried out by skype, telephone and in written form by email with government officials in charge of GHS implementation at the national level, UN organization officials, representatives of business associations, academic experts and representatives of donor countries. Nine additional requests for interviews were sent out but not responded to. In addition, one of the authors attended the 33rd session of the GHS sub-committee of experts in Geneva 10-12 July 2017 as observer. Preliminary results of this study were presented at the session of the Sub-committee and feedback invited.
Having used these primary and secondary data to classify individual countries' GHS implementation status (implementation codes and links to legislation is available in Table S1 ), the indicators proposed below (Table 1) for potential explanatory factors were collected for all UN member states. For each indicator, the data set for the latest available year was used. Individual associations between the indicators and GHS implementation status were evaluated via two-sample t-tests and Pearson's Chi-squared test with Yates' continuity correction for continuous and categorical indicators, respectively. We also tested the association of indicators with GHS status after accounting for the effects of other indicators via logistic regression, using the glm function in R [28] with scaled and centered indicator data. Although data used in this study technically represent a census of all countries (rather than a statistical sample of a larger population), our interest in these analyses was primarily understanding whether the processes generating the observed outcome (GHS implementation status) were random or systematically related to explanatory factors, for which t-tests and other inferential methods may be suitable approximations of complete randomization tests [29] . For the statistical tests, the groups of countries with "full" and "partial" legal implementation were merged to one group and compared to the "no implementation". The statistical analysis is available at https://github.com/sei-international/GHS. 
Understanding International Standardization
The analysis for addressing what (types of) factors that can explain differences in implementation among countries, is grounded in theories about how and why countries implement international rules or norms (There is considerable diversity in terms and concepts essentially referring to similar or identical phenomena in these literatures, but norms are often used as an umbrella term for rules, laws, and principles [30] ). We here draw on two partly separate literatures for identifying possible explanatory factors for the differences in GHS implementation among countries.
The first relevant literature theorizes how international norms influence state behavior. Much of this literature focuses on legally binding norms, thus international (hard) law, and proposes various categories of explanatory factors and theories. Raustiala [31] summarizes the explanatory theories into three categories: rationalist, norm-driven and liberal theories. Another categorization is between theories considering that states primarily behave within a framework of consequences and theories and according to a logic of appropriateness [32] . While these theories are often posed as alternative explanations, they can be approached as plausible complementary explanations [33] . As noted above, the international agreement to implement GHS does not fall within the legally binding (hard law) norm category. However, while there are claims that legally binding norms have more influence on state behavior-i.e., a higher degree of implementation, uptake and actual enforcement [34, 35] -the basic mechanisms through which international soft law can have influence are largely the same as for hard law [32] . One reason for this is that the option of material sanctions (economic or military) is seldom used to induce compliance with international hard law. Soft sanctions, primarily in the form of reputational damage (see Guzman [36] ), can be associated both with international hard and soft law.
Understanding the GHS as an international norm, we have with these considerations in mind narrowed down the plausible explanatory factors for GHS implementation into two categories that, however, can overlap and interact: (1) motivational factors that come from countries' self-interest overlapping with the norm; (2) capacity related factors associated with the countries' ability to implement the norm.
The second relevant body of literature for understanding differences in GHS implementation is that on international standards and their regulation of global business. This body of literature theorizes the development of international standards, primarily product-related standards by non-state standard development organizations, including the motivational factors that make companies and their associated governments seek to influence and adopt particular international standards. Mattli and Büthe [37] summarize three explanatory theories; sociologist institutionalism (related to constructivism) in which actors are expected to mostly behave according to the logic of appropriateness according to their role identities, realism in which states are seen as the primary actors in an international society where power defined as resources is hugely influential and their own institutionalist complementarities approach that highlights the role of the variation in complementarity of national and international regulatory standardization. Each of these three approaches adds further depth to the motivational and capacity-related factors as will be discussed below. The GHS is not a traditional product standard as it does not specify properties and performance of the manufactured good itself. Rather, the GHS is a technical standard that regulates the information that needs to accompany chemicals as they are traded, transported and used. In functional terms for companies it can be seen as a product standard although implementation, as discussed in this paper, is at the level of states who provide regulation on chemicals in various sectors. In the next two sections, we discuss possible motivational and capacity-related factors ( Table 1 ) that can influence GHS implementation drawing from these two literatures and, when possible, identify indicators for testing their relevance empirically.
Motivational Factors
Factors that influence the motivation of states to adhere to international norms can include both material benefits and reputation (perceived identity and what is seen as acceptable behaviour for states). The expected relative weight of these factors is an open question, the answer to which is influenced by the choice of theories for explaining state behavior briefly mentioned above.
When considering motivation to implement GHS, it should be noted that the objectives of GHS can be understood and framed in two ways. One objective is to provide an internationally harmonized system for trade facilitation and business promotion. A second objective is to improve chemical safety for people and the environment, across the world. The relative support for and identification with each of these objectives is likely to influence the motivation of states to invest in the adherence to the GHS.
In line with the first objective, internationally harmonized standards such as GHS are seen as having the potential to lower transaction costs and facilitate international trade [38] . Global standards applicable within specific sectors constitute part of the harmonization process of business regulation that is pervading field after field [39] . When the Technical Barriers to Trade (TBT) Agreement requires countries to use international rather than national standards for products, this is also an expression of seeing international standards as trade facilitation tools. The development of international product-related standards is seen as an issue of coordination, simple or more challenging depending on theoretical perspective [37] . Applying this logic to GHS, it can be motivational for states to implement GHS as part of a general pursuit of trade openness and reduction of trade barriers. In this study we use two indicators to examine the role of this factor: WTO membership and the Trade Openness Index [40] reported by the United Nations Conference on Trade and Development (UNCTAD) (see Table 1 ). Our working assumption is that if a country is a member of the WTO, and if it has a trade dependent economy, the country will be more likely to be motivated to implement the GHS.
Regarding reputation as a source of motivation, it should be noted that for a relatively technical measure with low public salience such as the GHS, we can expect that reputational risk associated with non-implementation is perceived as relatively low and therefore a weak motivational factor. However, we can consider potential positive non-material motivational factors, whether related to a state's positive reputation in the international community or its innate belief in and commitment to international norms generally or for specific issues. To be more specific, and considering the second objective of GHS outlined above, states may find motivation in GHS as a means to improve occupational health and safety. Such motivation can come from a state's long-standing commitment to the issue and/or domestic or international political pressure, often channeled through organized civil society (trade unions, environmental Non-Governmental Organisations etc.). Indeed, the GHS originated from the occupational health and safety context. The number of ratifications of chemical related ILO conventions is used as an indicator here (conventions 155, 170, 174). These conventions are from the 1980s and 90s and ILO has since this time moved away from conventions and instead use non-binding declarations [41] . The ratifications that are already there, though, can be seen as an expression of a long-term commitment to occupational health and safety. States can also base motivation to implement GHS in the commitment to the sound management of chemicals. In this study, we include as indicator for this motivation the ratification of the chemical-related conventions (Stockholm, Rotterdam and Basel) together with the nomination of a national SAICM focal point (as SAICM is not a binding agreement with ratification procedures), as a way of expressing political support and commitment to the sound management of chemicals.
If we zoom out from motivation to adhere to international norms in the field of chemicals, environment and health, the implementation of GHS can be seen in the light of a general commitment to international cooperation as such. Countries may wish to implement international standards because doing so reinforces a sense of community with other countries in a globalized world where problems are becoming increasingly jointly addressed. In this study, we use the political globalization sub-index of the KOF index of globalization [42, 43] , to explore the interlinkage between the GHS implementation status and this commitment. The four components of the political globalization sub-index are; presence of embassies in the country, membership in international organisations, participation in UN Security Council Missions and in international treaties [42, 43] .
Capacity-Related Factors
The capacity to implement GHS requires having resources at disposal for developing new or adjusting existing legislation and guidance. GHS is a technical standard and as such it requires a high level of technical knowledge, in addition to budgetary space for implementation costs and staff time in ministries and agencies. For the purpose of this study, capacity is categorized into financial and regulatory capacity (Table 1) . Firstly, financial capacity, is represented here by the two indicators GDP and GDP per capita. These two indicators relate to the overall size of the economy which sets the frame for financial and thus also human resources of the public sector. While the total GDP shows the total size of the economy, the GDP per capita reveals the size of the economy related to the number of citizens. Regulatory capacity, finally, is represented by an indicator on government effectiveness developed by the Worldwide Governance Indicators project. The government effectiveness indicator is based on perceptions of "the quality of public services, the quality of the civil service and the degree of its independence from political pressures, the quality of policy formulation and implementation, and the credibility of the government's commitment to such policies" in a certain country. The data sources include surveys of firms and households and expert assessments of commercial business information providers, non-governmental organisations, multilateral organizations and other public sector bodies [44] .
Mapping of GHS Implementation
Based on the collected data we conclude that as of 1 April 2017, a total of 50 countries (26% of UN Member States) had fully implemented GHS in national legislation, 15 countries (8%) had partially implemented, and 128 countries (66%) had not yet implemented GHS. Looking at regional patterns (see Figure 1 ), "full" legal GHS implementation is most common in Europe, and parts of Central Asia, East Asia and Southeast Asia. In Latin America, there is one country that has fully implemented the GHS, Ecuador, and two in Africa which have done so (Zambia and Mauritius). and the credibility of the government's commitment to such policies" in a certain country. The data sources include surveys of firms and households and expert assessments of commercial business information providers, non-governmental organisations, multilateral organizations and other public sector bodies [44] .
Based on the collected data we conclude that as of 1 April 2017, a total of 50 countries (26% of UN Member States) had fully implemented GHS in national legislation, 15 countries (8%) had partially implemented, and 128 countries (66%) had not yet implemented GHS. Looking at regional patterns (see Figure 1) , "full" legal GHS implementation is most common in Europe, and parts of Central Asia, East Asia and Southeast Asia. In Latin America, there is one country that has fully implemented the GHS, Ecuador, and two in Africa which have done so (Zambia and Mauritius).
Most of the 15 countries classified as "partially" implementing GHS were so because implementation was limited to the industrial workplace, and did not include the consumer and agriculture sectors. These countries are the US, Canada, Mexico, Brazil, Argentina, Uruguay, Japan, Singapore, Malaysia, Australia, New Zealand, Philippines and Thailand. In addition, there are two countries (Montenegro and Georgia) that are in the process of implementing GHS across all sectors as a part of ongoing EU accession, but where legislation is not yet to our knowledge passed for all sectors. It is noted that the African region is still largely outside the GHS system. The member states of the South African Development Community (SADC) have agreed to implement the GHS by the latest 2020 and there is a draft GHS policy for the community [45] , but this has not yet led to national legislation in most countries. In South Africa, GHS has been implemented as a voluntary standard since 2008, and is expected to be passed as regulation during 2017, but no official texts have yet been released [25, 26] .
The Arab countries differ considerably in terms of chemicals legislation [46] but to our knowledge none have to date implemented the GHS. The Gulf Cooperation Council (GCC) put forth the "Common System for the Management of Hazardous Chemicals" in 2002, which establishes minimum legislation for the member states in dealing with hazardous chemicals and also has coordinated procedures among Member States established in 1997 for trans-border handling of hazardous waste for the purpose of processing, recycling or disposal [47] . However, there is no information to support that this legislation is aligned with GHS. Most of the 15 countries classified as "partially" implementing GHS were so because implementation was limited to the industrial workplace, and did not include the consumer and agriculture sectors. These countries are the US, Canada, Mexico, Brazil, Argentina, Uruguay, Japan, Singapore, Malaysia, Australia, New Zealand, Philippines and Thailand. In addition, there are two countries (Montenegro and Georgia) that are in the process of implementing GHS across all sectors as a part of ongoing EU accession, but where legislation is not yet to our knowledge passed for all sectors.
It is noted that the African region is still largely outside the GHS system. The member states of the South African Development Community (SADC) have agreed to implement the GHS by the latest 2020 and there is a draft GHS policy for the community [45] , but this has not yet led to national legislation in most countries. In South Africa, GHS has been implemented as a voluntary standard since 2008, and is expected to be passed as regulation during 2017, but no official texts have yet been released [25, 26] .
The Arab countries differ considerably in terms of chemicals legislation [46] but to our knowledge none have to date implemented the GHS. The Gulf Cooperation Council (GCC) put forth the "Common System for the Management of Hazardous Chemicals" in 2002, which establishes minimum legislation for the member states in dealing with hazardous chemicals and also has coordinated procedures among Member States established in 1997 for trans-border handling of hazardous waste for the purpose of processing, recycling or disposal [47] . However, there is no information to support that this legislation is aligned with GHS.
Exploring the Implementation Pattern
Below we use the factors and indicators identified above (Table 1 ) to seek to explore and discuss possible explanations of the observed differences in implementation coverage across regions and countries.
Motivational Factors
Reduction of Trade Barriers
For the factor related to a general commitment to facilitating trade and reducing trade barriers, we look at WTO membership and the trade openness index. Turning first to the WTO membership, 34 countries are not members of the WTO whereas 159 are. We find that of the countries which have implemented GHS, WTO members make up a larger share (38%) compared to among non-WTO members (15%) ( Table 2 ) and there is an association between WTO membership and GHS implementation (X 2 = 5.66, df = 1, p = 0.017). Among the five non-WTO members that have implemented GHS, three are in the process of accession to the WTO (Serbia, Bosnia and Herzegovina, and Belarus, [48] ) so this group will become very small. However, more than half of all WTO member countries (99) have not yet implemented GHS ( Table 2) . As for the group of 29 countries who are not WTO members and who have not implemented GHS, this group comprises several fragile, new or very small states, which suggests that a lack of capacity (see below) might be an equally or more important factor for not being WTO members, than their interest (or lack thereof) in reducing trade barriers. Turning to the trade openness index, which shows the dependency of a country's economy on trade, there is a large variation in trade openness both among countries implementing and not implementing GHS, nonetheless, there is a statistical association between the level of trade openness and the likelihood of a country having implemented GHS (Figure 2) .
We also observed that a group of the countries that have so far chosen to implement GHS only for the industrial workplace (Japan, Australia, US, Canada and New Zealand), all score lower on trade openness than the group of countries that have implemented GHS in all sectors (with Singapore as an exception). This may indicate that the trade dependence of a high-income country has a certain influence on the motivation of a country to implement GHS in all sectors or only for the workplace. [40] . Each dot represents a country. t is the test statistic, df is the degrees of freedom and p is the probability.
Commitment to Occupational Safety
Only five countries have ratified all three ILO conventions that we use as indicator for commitment to occupational safety and only 14 have ratified two of them (Table 3) . Moving from countries not having ratified any of the ILO conventions to the group that ratified 1, 2 or all of them, GHS implementation frequency increases. Judging from this indicator, a general commitment to occupational health and safety is statistically associated with GHS implementation (measured using at least one convention ratification as a proxy, X 2 = 26.3, df = 1, p < 0.001), suggesting that motivation for GHS implementation comes at least partly from occupational health and safety concerns. As noted in the theory section, the GHS has its origin in occupational health and safety collaboration within the UN system. The correlation between engagement in this area and GHS can possibly be understood as a consequence of that countries having been involved in the implementation of the ILO conventions already have active experts and government officials in the occupational area (capacity), and that they because of this are in a better position to implement the GHS than countries without the same previous engagement in the ILO conventions. A general commitment to sound management of chemicals as a motivational factor is indicated here through the ratification of three of the chemical conventions as well as of the nomination of a [40] . Each dot represents a country. t is the test statistic, df is the degrees of freedom and p is the probability.
Only five countries have ratified all three ILO conventions that we use as indicator for commitment to occupational safety and only 14 have ratified two of them (Table 3) . Moving from countries not having ratified any of the ILO conventions to the group that ratified 1, 2 or all of them, GHS implementation frequency increases. Judging from this indicator, a general commitment to occupational health and safety is statistically associated with GHS implementation (measured using at least one convention ratification as a proxy, X 2 = 26.3, df = 1, p < 0.001), suggesting that motivation for GHS implementation comes at least partly from occupational health and safety concerns. As noted in the theory section, the GHS has its origin in occupational health and safety collaboration within the UN system. The correlation between engagement in this area and GHS can possibly be understood as a consequence of that countries having been involved in the implementation of the ILO conventions already have active experts and government officials in the occupational area (capacity), and that they because of this are in a better position to implement the GHS than countries without the same previous engagement in the ILO conventions. 
Commitment to the Sound Management of Chemicals
A general commitment to sound management of chemicals as a motivational factor is indicated here through the ratification of three of the chemical conventions as well as of the nomination of a national focal point for the SAICM process. The conventions all have high ratification levels, with only 14 countries not having ratified the Stockholm convention, and nine and 35 countries the Basel and Rotterdam conventions, respectively. Likewise, most countries have also committed to the SAICM process by nominating a national SAICM focal point (178 focal points representing UN member states) ( Table 4 ). It was observed that states scoring low on this indicator are mostly small and fragile states in ongoing or recent conflict. The conclusion from this indicator is that ratification and commitment to the SAICM is generally high across countries, and therefore it does not appear to be a strong explanatory factor for GHS implementation (X 2 = 4.0094, df = 2, p = 0.1347). 2 The score is calculated with the ratifications of the three conventions and the SAICM focal point each giving one point, thus a total possible score of 4.
Commitment to International Cooperation
The commitment to international cooperation in general as an explanatory factor is here measured through the KOF sub-index on political globalization [42, 43] . Countries with GHS implementation have statistically higher political globalization scores (Figure 3) . A country that in general chooses to be part of international treaties, is a member of many international organisations in different fields, and is open for diplomatic relations with other countries, is thus more likely to implement the GHS than countries who score lower on this indicator. Regardless of the causality (which cannot be determined in this study), this is an important factor to take into account if aiming to assist countries with GHS implementation. Countries that score low on this indicator, and thus have fewer contacts and interactions with other countries, may for example need development assistance with a different design than countries that score higher on this indicator and thus have more experience of international interaction. (Table 4 ). It was observed that states scoring low on this indicator are mostly small and fragile states in ongoing or recent conflict. The conclusion from this indicator is that ratification and commitment to the SAICM is generally high across countries, and therefore it does not appear to be a strong explanatory factor for GHS implementation (X 2 = 4.0094, df = 2, p = 0.1347). [51] ; 2 The score is calculated with the ratifications of the three conventions and the SAICM focal point each giving one point, thus a total possible score of 4.
The commitment to international cooperation in general as an explanatory factor is here measured through the KOF sub-index on political globalization [42, 43] . Countries with GHS implementation have statistically higher political globalization scores (Figure 3) . A country that in general chooses to be part of international treaties, is a member of many international organisations in different fields, and is open for diplomatic relations with other countries, is thus more likely to implement the GHS than countries who score lower on this indicator. Regardless of the causality (which cannot be determined in this study), this is an important factor to take into account if aiming to assist countries with GHS implementation. Countries that score low on this indicator, and thus have fewer contacts and interactions with other countries, may for example need development assistance with a different design than countries that score higher on this indicator and thus have more experience of international interaction. [42, 43] vs. GHS implementation. Each dot represents a country. t is the test statistic, df is the degrees of freedom and p is the probability. [42, 43] vs. GHS implementation. Each dot represents a country. t is the test statistic, df is the degrees of freedom and p is the probability.
Capacity Related Factors
Financial Capacity
Comparing GHS implementation status to GDP per capita, a positive correlation is found (Figure 4 , pane a). Among the countries which have implemented the GHS, most have a higher GDP per capita than the countries that have not implemented the GHS. There are some outliers in terms of a small group of countries with low GDP that have implemented GHS. The countries with the lowest GDP per capita having implemented GHS are the Kyrgyz Republic and Zambia (both below 4000 current international dollars). However, most of the countries (all but 10) having implemented GHS are found at GDP per capita above 14,000 current international dollars. Among the countries without GHS, there are also a few countries with high relative GDP per capita. 
Capacity Related Factors
Financial Capacity
Comparing GHS implementation status to GDP per capita, a positive correlation is found (Figure 4, pane a) . Among the countries which have implemented the GHS, most have a higher GDP per capita than the countries that have not implemented the GHS. There are some outliers in terms of a small group of countries with low GDP that have implemented GHS. The countries with the lowest GDP per capita having implemented GHS are the Kyrgyz Republic and Zambia (both below 4000 current international dollars). However, most of the countries (all but 10) having implemented GHS are found at GDP per capita above 14,000 current international dollars. Among the countries without GHS, there are also a few countries with high relative GDP per capita. [52] and total GDP [53] . Each dot represents a country. t is the test statistic, df is the degrees of freedom and p is the probability.
Turning to the other indicator, the total GDP of countries (Figure 4, pane b) , the association is less strong compared to the GDP per capita. Overall, these indicators suggest that there is indeed an important financial capacity related component when explaining the global GHS implementation pattern.
Regulatory Capacity
The regulatory capacity as measured with the indicator on government effectiveness is positively associated with the GHS implementation status across countries ( Figure 5 ). This means that the ability to formulate and introduce legislation seem to be important in terms of enabling countries to implement the GHS. [52] and total GDP [53] . Each dot represents a country. t is the test statistic, df is the degrees of freedom and p is the probability.
The regulatory capacity as measured with the indicator on government effectiveness is positively associated with the GHS implementation status across countries ( Figure 5 ). This means that the ability to formulate and introduce legislation seem to be important in terms of enabling countries to implement the GHS. [44] . Each dot represents a country. t is the test statistic, df is the degrees of freedom and p is the probability.
A possible confounding factor here is that the state of the chemicals legislation in a country prior to the GHS implementation may influence the regulatory difficulty in two directions. If there is very little existing regulation in the field of chemicals, this may make GHS implementation easier, because the GHS can then be introduced as a full package, "straight from the shelf". Existing regulation that partly overlaps with the GHS related issues may make it a regulatory more complex task to introduce all of GHS, or some of the building blocks, and achieving a coherent legislation as an end result. On the other hand, the existence of earlier chemicals legislation means that there is a certain level of competence in the departments and authorities responsible for this legislation, which may constitute an important regulatory capacity when initiating, planning and designing the GHS implementation, see also [54] .
Comparison Across Indicators
Testing explanatory factors together revealed that both motivational and capacity related factors appear to be independently associated with the likelihood of GHS implementation. Based on logistic regression analysis, government effectiveness was the strongest predictor of GHS implementation status, followed by political globalization and commitment to occupational safety (Table 5 ). While trade openness was also significantly related to GHS status after accounting for other indicators, WTO membership was not. Total GDP, GDP per capita, and commitment to sound management of chemicals were not significantly associated with GHS implementation, after accounting for other variables (Table 5 ). It should be noted that the associations identified in this analysis are general and cannot be translated to degrees of causality without further exploration of confounding factors and other country-level idiosyncrasies, for example via in-depth interviews with government officials and other stakeholders. Figure 5 . Government effectiveness and GHS implementation. The indicator on government effectiveness is sourced from the Worldwide Governance Indicators project with data for 2015 [44] . Each dot represents a country. t is the test statistic, df is the degrees of freedom and p is the probability.
Testing explanatory factors together revealed that both motivational and capacity related factors appear to be independently associated with the likelihood of GHS implementation. Based on logistic regression analysis, government effectiveness was the strongest predictor of GHS implementation status, followed by political globalization and commitment to occupational safety (Table 5 ). While trade openness was also significantly related to GHS status after accounting for other indicators, WTO membership was not. Total GDP, GDP per capita, and commitment to sound management of chemicals were not significantly associated with GHS implementation, after accounting for other variables (Table 5 ). It should be noted that the associations identified in this analysis are general and cannot be translated to degrees of causality without further exploration of confounding factors and other country-level idiosyncrasies, for example via in-depth interviews with government officials and other stakeholders. 
Discussion and Conclusions
We have shown that there are significant regional differences in GHS implementation coverage. The summarized results of the indicator testing above, showed that government effectiveness stands out as a key factor in this indicator set, being generally associated with GHS implementation. While GDP per capita was not a significant predictor of GHS implementation after accounting for other variables in the regression, it was statistically associated with GHS status by itself, as well as highly correlated with government effectiveness (0.74). Due to this expectedly strong relationship between financial and regulatory capacity, it is fair to say that both likely play a role in GHS implementation, although regulatory capacity appeared to be more directly associated in our data. For the motivational factors, the commitment to international collaboration and to occupational health and safety stand out as important factors for countries, as well as the degree of trade openness.
Although our proposed indicators appear to statistically account for a large proportion of variation in GHS status outcomes (R 2 = 0.57), there are undoubtedly other factors influencing GHS implementation. It is instructive to examine countries that, based on their combined levels of indicators, would be unlikely to implement GHS but have implemented it regardless (high "residuals" with GHS). These countries include the Kyrgyz Republic, Ecuador, Georgia, Indonesia, Kazakhstan, Zambia, Belarus, Philippines, Armenia, Greece, Montenegro, Malta, Bosnia and Herzegovina, Albania and Mexico. Let's explore some additional circumstances that may influence implementation with a starting point in these "unexpected" implementers. Greece is a member of the European Union and thus obliged to implement the GHS. Albania, Georgia and Bosnia and Herzegovina are European countries with aspiration to increase collaboration with the European Union, and where GHS implementation is part of a legislative alignment that will support the accession process. An aspiration to join a community may have a broad political support in a country and pull together available resources needed in several topic areas for preparing the accession. This has been seen earlier for e.g., Montreal Protocol implementation where accession to the EU served as an important motivating factor for several countries [55] . Four other countries, Armenia, Kazakhstan, Belarus and the Kyrgyz Republic have decided to introduce joint legislation implementing GHS as part of the collaboration within the Eurasian Economic Union (EAEU). Mexico is another example, and here it is not unlikely that the collaboration within the North American Free Trade Agreement (NAFTA) has played a role as a motivational factor for Mexico, aligning the GHS requirements for the workplace with the requirements of the US and Canada. In all these cases, collected data suggest that the aspiration to join, or the membership in, a regional trade organization, may play the role of a powerful "pull factor" for GHS implementation.
In this context, it is also important to point out that the European Union with its joint chemicals regulations, including full legal GHS implementation, constitutes a special case with no other regional organization being comparable. The EU has a history of setting mandatory and high environmental standards in a global comparison [56] . The EU member states, at this moment in time 28 states, make out the majority of the 50 countries with full legal GHS implementation in this study. In addition, as noted above, the EU also influences other countries outside the EU which may increase these countries' motivation to implement GHS. The EU may thus have influenced the global implementation pattern mapped in this study in a way that may not be completely transparent in the presented indicators.
Going back to the list of "unexpected implementers", Zambia is one of only two countries in the African region that have implemented the GHS in national legislation. Here it seems that sustained capacity building and donor support for the GHS implementation have served as a factor of importance. Zambia has received support from UNITAR under the SAICM Quick Start Program (QSP) [57] Indeed, the need for capacity building and awareness raising for successful GHS implementation in low income countries has been long standing on the agenda of international collaboration, for instance through the Global partnership for capacity building to implement the GHS [58] and in the continued SAICM process. Among the projects funded under the SAICM QSP several have focused on GHS implementation. Some of these projects are still ongoing, and it is therefore early to assess the overall success of these efforts. However, as the interviewee from UNITAR noted, the limited time frame of the QSP projects is generally not sufficient to render support to a country to follow through to actual GHS implementation in legislation.
This conclusion is supported by the findings of the evaluation of the SAICM QSP [59] , which notes that the QSP projects, although having achieved results in many countries, could be improved at various points. This includes a clearer focus on building national capacity (if possible avoiding international consultants in favor of national), that can be sustained also after the project is finalized. A follow-up mechanism of clear (and not too many) targets to reach in the years after project completion, as well as increased attention to long term financing of activities, could help not to lose the momentum created by the project. In addition, the evaluation concludes that another key issue is that projects have not always been designed for the specific needs of a specific country to the extent required. Thus, for GHS implementation capacity, as for capacity building in general, interventions have to be carefully designed for the specific context in order to achieve the expected outcome. The evaluation also noted that for many countries, the chemicals agenda cannot always compete with other pressing priorities in final decisions on distribution of resources in the national administration [59] .
In the example of Barbados, which had a QSP funded project implemented by UNITAR that resulted in a detailed national implementation strategy, this last point was confirmed. The government official reported in the interview that after the strategy was approved in 2013, most of the planned activities did not yet take place because of delays in approval of the plan from the political level as well as limited human and financial resources for the planned activities, which in turn was explained by competing political priorities at the national level.
It is in this context interesting to note that the commitment to the chemicals and waste agenda as measured with the indicator on convention ratification, was overall very high among countries, but not strongly correlated to the implementation of GHS. This can be interpreted in different ways, but it is possible that a general commitment to ratifying conventions and participating in international processes is less resource demanding than an actual GHS implementation, and that this can be a reason for GHS losing the competition against other priorities in the actual budget and planning processes in countries, in spite of a general commitment to sound chemicals management at the political level. Here, we also note that the third step in the implementation process, not covered by this study-the enforcement and compliance-is an additional unknown, i.e., countries may implement GHS in national legislation in order to adhere to their commitments under e.g., SAICM, but not be motivated to, or have the capacity to, comply and enforce on the ground.
Changing the perspective, we turn to the countries which have not implemented GHS and score high in the indicator set (high "residuals" without GHS). These include India, Chile, South Africa, United Arab Emirates, Jordan, Ukraine, El Salvador, Colombia, the Seychelles and Morocco. Some of these, like South Africa and Chile are actively working on GHS implementation and might soon not be "outliers" anymore. For others, like UAE and Jordan, not much information could be retrieved on the current status, or on the motivation for these countries not to implement GHS. This is something that merits further discussion in the SAICM process and the GHS sub-committee. One possibility here could be that there is a limited buy-in into the GHS process, since the GHS sub-committee has higher participation from European and North American country experts compared to other regions.
We turn lastly to possible options for increasing the rate of global implementation of GHS, and thus reducing the costs in terms of human health, ecosystem integrity and socioeconomic loss that comes with unsustainable use of chemicals. We conclude that this cannot be done in the same way for all countries. Some factors will be more important than others depending on the context, and for all countries it is likely that drawing on a combination of different factors is needed to enable and motivate implementation (Table 6 ). There is one group of countries which score low on all the indicators here presented, such as GDP per capita and political globalization as well as regulatory capacity. Some of these are war-torn, and some are new or fragile states. They all have remaining challenges across the 2030 Agenda. Recalling the message from the evaluation of the SAICM QSP, for these countries it is of key importance to adapt expectations, and address chemicals management and GHS implementation as part of a broader national strategy to work towards the full 2030 Agenda implementation. Other low-income countries that have a more stable situation may benefit from specific capacity building for GHS implementation, but with the prerequisite that lessons learned from earlier design of capacity building as discussed above is taken on board.
The opportunities that lie in regional collaboration and coordination around GHS implementation has been highlighted before, see for example [58] . Regional trade blocs and organisations could play a key role here in jointly implementing the GHS or in supporting national implementation processes. Countries within a trade bloc or organisation with more capacity can assist other member states that are less resourced for the implementation [60] .
The strong association between GHS implementation and government effectiveness again highlights the fundamental role of functioning institutions in countries for the ability to plan and implement policies. The case of Viet Nam with GHS implementation in place [61, 62] is interesting. Viet Nam has been supported by several donors and organisations in their chemicals management efforts, including the Swedish Chemicals Agency (KemI). KemI has supported Viet Nam through continued bilateral collaboration (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) [63, 64] , as well as through the regional programme "Towards a non-toxic South-East Asia", also a long term commitment now in its second phase [65] . One of the outcomes of the collaboration was the establishment of the Viet Nam Chemicals Agency [63, 66] . This support is likely to have influenced GHS implementation through parallel institutional strengthening and broad chemicals management capacity building efforts. Indeed, the interviewee from Zambia also expressed that a key factor in the GHS implementation in Zambia has been that it has not been implemented as a stand-alone component, but been part of a comprehensive chemicals management planning and capacity building.
The role of private sector actors in GHS implementation is not specifically addressed in this study and merits further attention. For instance, the interviewee from the European Chemical Industry Council noted that from their perspective, there was in general less public consultation in countries related to the GHS implementation compared to that related to other chemical regulations. At the same time there is high interest from private sector actors for this issue. The interviewee also noted that the GHS may bring certain aspects of harmonization that facilitate trade, but that national GHS implementation also may result in additional costs for exporting companies for instance in terms of requirements on labels in local language.
For countries with higher income, where the lack of GHS implementation is not likely to be caused by lack of capacity, the increased rate of implementation must come from renewed or new motivation. Here it may be worthwhile to explore the role of private sector actors and trade ministries in lifting the benefits in increased harmonization for trade as a way to gain political support for GHS implementation. Likewise, the strong motivation to implement GHS that seems to come from occupational health and safety concerns could also be drawn upon in engaging more with stakeholders such as trade unions and other actors with strong buy-in in occupational issues as a driver for GHS.
To allow further probing into the barriers and opportunities of specific countries for GHS implementation, a more qualitative research approach would be a valuable complement to the quantitative focus of this study. Such an approach would entail more in-depth interviews with various stakeholders with broad representation, and would allow for more detailed answers as to causality of different factors. It would also allow for a discussion about regional contexts, and how these may require, or open for, different roads to increased implementation.
Summing up some of the insights from the present study on how to improve the GHS implementation coverage, low capacity needs to be increased through support, taking lessons learned from what is effective capacity building into account, and especially recognizing the importance of regulatory capacity. The strengthening of chemicals management should be addressed as part of the overall 2030 Agenda efforts in all countries, but it is of highest importance for the countries with lowest capacity. Further, drawing upon the potential in GHS as part of occupational health and safety commitment and as ways to reduce trade barriers, especially in a regional context, seem like promising options for increased GHS implementation across countries and regions with increased sustainability as one of the outcomes.
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